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(54) VIDEO DISPLAY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a bright video without vignetting 
and crosstalk by arranging an optical device proximately to a screen and 
enlarging luminous flux from respective points of a display means so 
that an enlargement ratio may differ in two orthogonal directions. 
SOLUTION: A diffraction optical device 14 is a holographic optical 
device, and is arranged proximately to the reflection surface of the 
screen 13. The optical device 14 transmits and diffracts light from 
projection optical systems 12L and 12R so as to enlarge the luminous 
flux from the respective points of the video of liquid crystal display 
devices 1 1 L and 1 1 R included in the light from the optical systems 1 2L 
and 1 2R. The width DV in a vertical direction of the luminous flux from 
the same point of the video on the display devices 1 1 L and 1 1 R 
reflected on the screen 13 is the same as the diameter (d) of the exit 
pupil of the optical systems 12L and 12R and the width DH of the 
luminous flux in a horizontal direction is made larger than the diameter 
(d) of the exit pupil. The adjacent luminous flux is superposed and the 
video without vignetting at right and left ends is easily provided. 
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* NOTICES * 

Japan Patent Office is not responsibl for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

ffiechnica. field to which invention belongs] this invention is used in the field of image offers including a virtual reality 
Sout the display unit which displays the image of the wide field of view. 

[ r 0002] • 1 4.u d ' Art! In order that the virtual reality which offers the reality of imagination with rich presence 

[Description of the Prior ArtJ In order tnattne virtual red y th disp | av unlt of various 

may spread splendidly and may offer the imag e of ^^^J^^^/^ on a head, holding by hand or 
methods is developed. There are some which are used for image displayed on the drop by the 

being equipped with so that a screen may ^ J**" ™ £ £££ to gS an observer light from all the parts of a 
^'nf fo^r 2» diffuse reflection nature, or refiective ab.Hty is 

used in the display unit of this method. -fl „^. inn nature in order that the degree of diffusion of light may be 

[0003] When using the screen wh.c . has diffus > re^«on ^^^^ * each g part grade 0 f a screen in the 
dependent on the incident angle of the ^ ^ a 8^n.^nw«K» tendg ^ uneven 

amount of the light which turns on an observer anc ' ™ e lum.nos °^ we | f sc |ts light give n to an 
Moreover, the light on which it was projected ^progress in iall h*e *; ec ^ s ^ oided And when giving the image which 
observer decreases, and the fall of the luminosity of the .mage observed .s not ^ carrjes 

has P-llax in an ^er ^ndr,^ ^ eff ectth^c ross^k g ^ [ & _ ^ } 

^ft%ye%^J^ 

[0004] the light projected from every part of a . S ?^°^XS part of a screen was also strong in the direction of 
observers eye since the light : which carries °j h U n as reflective ability - all can almost be 

incidence and it was reflected on the other handwnen us. ng . hi h there js no unevenness .n 

»»» of an image, in order to make observation easy the path ot TOJUX s ^.^ ^ 

rlS.*!.^^ 

equipment will be enlarged inevitably retr oreflection layer, and the screen equipped with reflective 

[0006] A diffusion ayer is prepared in the , fronV face ot ^ reuorer y ^ ^ showjng egch p f 

S?!^J^ Er^e deTer ^ef^es^^ <-Pensated and it is expected 

?hat the smalf nghtweight display unit which offers the large image of **** is real.zable. 

K2U) to be Solved by the Invention] ^^^^^ ^^^7^" 
the perpendicular (upper and lower sides) direction. However on , the i screen ° T t h e superfluous expansi on to a 
order to expand the flux of light isotropic a 000 ^'"*^ at least. That is, when 

perpendicular direction or the -"adequate , expana on to a ^^^l^zS* visual field, perpendicularly, it will 
expansion of the flux of l.ght » performed so conversely performed so that it may agree within a 

expand exceeding a visual field, and if expansion of the .flux ot ^"^e »£ te visua , field wi || b e brought, 
vertical visual field, horizontally, an expansion result wh ch does . not reach tne «™ d cannot carry out 

£EE££3 Si^rsSsami^itt 3,*, « «— — *- - • 

diffusion layer is not made. trnuhle and it is the method which projects an image on a screen, is 

ssss. ssss5sfK3Sssfis& - >— -** — ■ - ~ r ■ 

cross talk has. 

for Sown,*. Probi.m] The eceen which h» ^^^t^lr^l^S^^ 
p^eTheT^^^^ — ' - ^ " - 
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means was expanded, While approaching a screen, being arranged between an incident-light study system and a screen 
and making the light from an incident-light study system penetrate, a display unit consists of expansion meanses to 
expand the flux of light from each point of the display means included in light from an incident-light study system so that 
dilation ratios may differ by the 2-way which intersects perpendicularly. 

[001 2] This display unit forms the expansion image of the image of a display means in a screen by the incident-light 
study system, and provides an observer with this image. The screen has reflective ability and an expansion means to 
make the light from an incident-light study system penetrate is arranged between the incident-light study system and 
the screen. An observer can observe the image formed in a screen by seeing a screen through an expansion means from 
the direction as for which the light from an incident-light study system carries out incidence. 

[0013] An expansion means also expands the flux of light which expanded the flux of light from each point of the display 
means included in light from the incident-light study system which faces to a screen, and was reflected on the screen. 
Here, since an expansion means approaches a screen and is arranged, on a screen, small expansion of the flux of light 
which penetrates an expansion means and faces to a screen is carried out very much. Therefore, the image which the 
image formed in a screen does not fade by expansion operation of an expansion means, and is offered is clear. 
[001 4] On the other hand, the reflected light from a screen results in an observer's eye, increasing and expanding the 
inclination expanded by penetrating an expansion means again. The path of the flux of light which expresses by this each 
point of the image with which an observer is provided increases. 

[001 5] The dilation ratios of an expansion means differ by the 2-way which intersects perpendicularly, and expansion of 
the flux of light from each point of a display means is performed in different direction. The grade of expansion of the flux 
of light can be made to agree in the size of a visual field also perpendicularly also horizontally by making the large 
direction and the small direction of a dilation ratio correspond in the direction of an observer's level visual field, and the 
direction of a perpendicular visual field, respectively. This is enabled to avoid simultaneously the both sides of the eclipse 
of the image by a fail and the shortage of expansion of the quantity of light by superfluous expansion of the flux of light, 
and a bright high quality image can be offered. 

[001 6] An expansion means may expand the flux of light from each point of a display means to the 2-way which 
intersects perpendicularly, as long as it may expand the flux of light from each point of a display means in the one 
direction and dilation ratios differ by the 2-way. 

[001 7] Let an expansion means be the diffraction element to which diffraction separates into and the flux of light is 
expanded. If a diffraction element is used as an expansion means, it is dependent on a setup of diffraction conditions, and 
it is possible to choose freely the order of diffraction, an angle of diffraction, and diffraction intensity, and, thereby, the 
intensity distribution of the grade of expansion of the flux of light and the flux of light after expansion can be set up 
freely. By making intensity of the flux of light after expansion into abbreviation homogeneity from a center section to a 
periphery, it becomes possible to make the luminosity of an image regularity irrespective of the sense of an eye. 
[001 8] The screen which has reflective ability in this invention again in order to attain the aforementioned purpose, With 
one pair of display meanses to display individually the image for left eyes, and the image for right eyes, the light from one 
pair of display meanses is projected, respectively. While approaching a screen, being arranged between one pair of 
incident-light study systems which form in a screen the image to which the image displayed on the display means was 
expanded, and an incident-light study system and a screen and making the light from an incident-light study system 
penetrate A display unit is constituted from an expansion means to expand the flux of light from each point of the display 
means included in light from an incident-light study system, and it is made to fill the relation of the following formula 1 . 
2andr—sin(theta/2) <=D<=2- {W-r-sin (theta/2)} the — formula 1 — r is the width of face of the direction where the 
distance of the winding center of an observer's eye and a pupil and theta are parallel to the straight line which connects 
the eye of right and left of the flux of light from each point of a display means [ in / the position of an observer's eye / 
an observer's level angle of visibility and W, and ] at the interval of the eye of right and left of an 

[001 9] This display unit is projected on the screen which displays individually the image for left eyes, and the image for 
right eyes, and has reflective ability, and when displaying two images which have parallax and offering a 
three-dimensional image, it is used. Between the incident-light study system and the screen, an expansion means to 
make the light from an incident-light study system penetrate is arranged. An observer can observe the image formed in a 
screen by seeing a screen through an expansion means from the direction as for which the light from an incident-light 
study system carries out incidence. 

[0020] An expansion means also expands the flux of light which expanded the flux of light from each point of the display 
means included in light from the incident-light study system which faces to a screen, and was reflected on the screen. It 
is possible to increase the path of the flux of light from each point which constitutes the image, forming a clear image in 
a screen as mentioned above, since an expansion means approaches a screen and is arranged. 
[0021] alienation of the both eyes of the expanded flux of light with which D is led to each eye of an observer in a 
formula 1 — the width efface along the direction is expressed, an eclipse arises on the image which will be offered if this 
value is too small, and if too conversely large, a cross talk will arise Left part expresses the length of the bowstring of 
the eyeball corresponding to an observer's horizontal angle of visibility, and if the width of face D of the flux of light is 
beyond the value of left part, even if an observer turns an eye in which direction within the angle of visibility, a pupil will 
go into the interior of the flux of light. The pupil of the eye of another side does not enter into the flux of light which the 
right-hand side expresses the length which subtracted the length of an above-mentioned bowstring from the double 
precision of the clearance of both eyes, and expresses the image with which one eye is provided if the width of face D of 
the flux of light is below the value of the right-hand side. 

[0022] Since the minimum of the width of face of the flux of light after expansion is defined so that a pupil on either side 
may enter certainly into each flux of light which constitutes the image with which an eye on either side is provided from 
this display unit, an eclipse is not produced on the image to offer. Moreover, although projected on the light of the image 
for left eyes, and the light of the image for right eyes by the same screen, since an upper limit is set to expansion of the 
flux of light by the expansion means and separation is ensured while the reflective ability of a screen separates the light 
of both images, a cross talk is not produced, either. 

[0023] In each above-mentioned display unit, an expansion means can expand the flux of light from each point of the 
periphery of a display means with a bigger dilation ratio than the flux of light from each point of the center section of the 
display means. Although it is easy to produce an eclipse in the periphery of an image, it is carrying out such and it 
becomes easy to fill the relation of the sign of inequality of the conditioning for preventing an eclipse, for example, the 
left-hand side of a formula 1 . 

[0024] You may make it have the combiner which leads the light from an incident-light study system to a screen, and 
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leads the light from a screen to an observer's eye. A part of either of the optical paths which result in an observer's eye 
will be turned up from the optical path from an incident-light study system to a screen, and a screen, and an 
incident-light study system can be arranged to a position equivalent to an observer's eye, or its very near. The center of 
each flux of light of expressing each point of an image certainly comes to pass along an observer's eye by this, and a 
setup of the dilation ratio of the expansion means for preventing generating of loss of light, an eclipse, and a cross talk 
becomes easy. 

[0025] The light from a screen is led to an observer's eye, and you may make it have the eyepiece optical system which 
gives an observer the virtual image of the image formed in the screen. It can become possible to expand the image on a 
screen further with eyepiece optical system, and the visual field of the image to offer can be further made large, and 
equipment can be made small more. 
[0026] 

[Embodiments of the Invention] Hereafter, it explains, referring to a drawing about the display unit of this invention. The 
composition of the display unit 1 of the 1 st operation gestalt is shown in drawing 1 . Drawing 1 is the plan of a display 
unit 1. The display unit 1 is equipped with one pair of liquid crystal displays 1 1L and 1 1 R, one pair of incident-light study 
systems 12L and 12R, the screen 13, and the diffraction optical element 14. 

[0027] Liquid crystal displays 1 1 L and 1 1 R are penetrated types, modulate the light from the back light light source with 
the image which displayed and displayed the two-dimensional image on the liquid crystal panel, and inject. Liquid crystal 
displays 1 1 L and 1 1 R display the image for providing for the eyes EL and ER of right and left of an observer, 
respectively. The high image of a cubic effect can be offered by giving parallax to two images displayed on liquid crystal 
displays 1 1L and 1 1R. 

[0028] The incident-light study systems 12L and 1 2R turn and project the light injected from liquid crystal displays 1 1L 
and 1 1R on a screen 13, respectively, and it is made they to carry out image formation on a screen 13. The image 
formed in a screen 13 is what expanded the image displayed on liquid crystal displays 11 L and 1 1R, and is crossed to the 
latus range. Incident-light study system 1 2L is arranged in the position where the exit pupil becomes near the same 
height as an observer's left eye EL, and the left eye EL, and incident-light study system 12R is arranged similarly in the 
position which becomes near the height as an observer's right eye ER with the same exit pupil, and the right eye ER. An 
observer will observe [ of the light to a screen 13 ] the image on a screen 13 from incidence. 

[0029] The optical axis of the incident-light study systems 12L and 12R is parallel, and the screen 13 is perpendicularly 
arranged to the optical axis of the incident-light study systems 1 2L and 1 2R. As for the image for left eyes formed in a 
screen 13, and the image for right eyes, parts overlap. 

[0030] the light which the screen 13 has reflective ability and carries out incidence — all are almost reflected in the 
direction of incidence The light on which it was projected from the incident-light study systems 12L and 12R will be 
reflected towards the incident-light study systems 12L and 12R, respectively, and the light of the image for left eyes and 
the image for right eyes which has lapped on the screen 13 is separated in an observer's position. 

[0031] The diffraction optical element 14 is a holographic optical element, approaches the reflector of a screen 13 and is 
arranged. The diffraction optical element 1 4 is made to diffract and expands the flux of light from each point of the image 
of the liquid crystal displays 1 1L and 1 1R contained in light from the incident-light study systems 12L and 12R while it 
makes the light from the incident-light study systems 12L and 12R penetrate. 

[0032] A part of screen 13 and diffraction optical element 14 are expanded, and it is shown in drawing 2 . A screen 13 
arranges the diameter of about 10 micrometers, or very minute glass-bead 13a not more than it to a plane, and is 
produced by preparing reflective film 13b in a tooth back. The light which carries out incidence to each glass-bead 13a is 
refracted on a front face, arrives at the tooth back of a bead, and is reflected by reflective film 13b. The light reflected 
by reflective film 1 3b is again refracted on a front face, and only the minute distance below the diameter of glass-bead 
13a is estranged from an incident light, and progresses an optical path parallel to an incident light. Thereby, reflective 
ability is realized. 

[0033] The diffraction optical element 14 is set up so that 1 -dimensional diffraction may be produced, the direction of 
diffraction by the diffraction optical element 14 — alienation of the eyes EL and ER on either side — it is a direction of 
an observer's level visual field, i.e., the direction The diffraction optical element 14 takes for an example the case where 
the three diffracted lights, -1 order, zero-order, and the 1 st [ +] order, are produced, and explains expansion of the flux 
of light. 

[0034] By penetrating the diffraction optical element 14, the flux of light from each point of the image of the liquid 
crystal displays 1 1 L and 1 1R contained in light from the incident-light study systems 12L and 12R turns into the three 
flux of lights, and carries out incidence to a screen 13. The retroreflection of these three flux of lights is carried out on a 
screen 13, they penetrate the same part of the diffraction optical element 14, and turn into the three flux of lights, 
respectively. The angle of diffractions alpha of the primary [ **] diffracted light are an outward trip and a return trip, and 
since it is equal, in the flux of light which penetrated the diffraction optical element 14 twice, a match produces 
travelling direction ] them. Consequently, the flux of light showing each point of an image becomes five. 
[0035] The example of the cross section in the position of the incident-light study systems 12L and 12R of the flux of 
light from the same point of the image of liquid crystal displays 1 1 L and 1 1R reflected on the screen 13 is shown in 
drawing 3 . Although the width of face DV of the flux of light about the direction of an observer's perpendicular visual 
field (it says perpendicularly hereafter) is the same as the path d of the exit pupil of the incident-light study systems 12L 
and 1 2R, the width of face DH of the flux of light about the direction of a level visual field (it says horizontally hereafter) 
is larger than the diameter d of an exit pupil. That is, expansion of the flux of light by the diffraction optical element 14 is 
different direction-like. In this example, each flux of light of abbreviation is in a radius by carrying out, it is made to shift 
distance every, and the ****** flux of lights have lapped. 

[0036] One of the five flux of lights showing the same point of an image of a center becomes the flux of light to which 
two of the inside provide Eyes EL and ER with an image to an observer toward the exit pupil of the incident-light study 
systems 12L and 12R. By enlarging horizontal width of face DH of the flux of light, the image which does not have an 
eclipse in an edge on either side can be offered easily. Moreover, if the diameter d of an exit pupil of the incident-light 
study systems 12L and 12R used as the width of face DV of the perpendicular direction of the flux of light is made into 
the size of the grade corresponding to a perpendicular visual field, the image which does not have an eclipse in an 
up-and-down edge can be offered. 

[0037] Since the diffraction optical element 14 is close to a screen 13, the image formation position on three screens 13 
of the flux of light which face to a screen 13 from the diffraction optical element 14 is approaching extremely, and turns 
into the almost same position. Therefore, the clearness of the image with which dotage does not arise in the image 
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formed in a screen 13, and an observer is provided does not fall. 

[0038] It is dependent on a setup of the diffraction optical element 14 whether the diffraction conditions of the 
diffraction optical element 1 4, i.e., the diffracted light of what order, are produced, into what times the angle of diffraction 
of the diffracted light is made, or what a diffraction luminous-intensity ratio is carried out, and it can be set freely. 
Therefore, the flexibility of a setup of the intensity distribution of the flux of light depending on the horizontal width of 
face DH and the diffraction luminous-intensity ratio of the flux of light depending on an angle of diffraction is high. 
[0039] For example, if the diffraction optical element 1 4 is set up so that it may become intensity [ diffracted lights / 
primary / **/ zero-order, / three ], the intensity ratio showing one point of an image of the five flux of lights will become 
symmetrical about the central flux of light, and will be set to 3:2:1 from a center outside. Moreover, if the diffraction 
optical element 14 is set up so that the primary [ **] diffracted light and a zero-order diffraction luminous-intensity ratio 
may be set to 2:1, the intensity ratio showing one point of an image of the five flux of lights will be set to 9:4:4 from a 
center outside. In the latter setup, intensity of the two flux of lights which provide Eyes EL and ER with an image can be 
made equal. 

[0040] In addition, although the example which the diffraction optical element 14 makes produce the three diffracted 
lights was shown in order to make an understanding easy here, the diffraction conditions of the diffraction optical 
element 14 may be set up freely, and it is so desirable that there are many especially diffracted lights. It is because 
overlap showing the same point of an image of the flux of light is made [ many ] and intensity distribution are made more 
to homogeneity. If intensity distribution are uniform, even if it turns Eyes EL and ER in which direction, the amount of the 
light which expresses with an eye the same point which carries out incidence will become fixed, and change will not arise 
in the luminosity of an image. 

[0041] The composition of the display unit 2 of the 2nd operation gestalt is shown in drawing 4 . Drawing 4 is the plan of 
a display unit 2. A display unit 2 is replaced with the diffraction optical element 14, and is equipped with the diffusion 
board 16 while it adds one pair of eyepiece optical system 15L and 15R to a display unit 1 . Other components are the 
same as that of the thing of a display unit 1 , and the overlapping explanation is omitted. 

[0042] The light from the screen 13 which carries out incidence to an observer's eyes EL and ER becomes the light and 
equivalence which come from the distant field M from a screen 13 by the positive power of the eyepiece optical system 
1 5L and 1 5R, and an observer will observe the expanded virtual image which is located on Field M. Therefore, a display 
unit 2 can offer the image of the wide field of view further rather than a display unit 1 , and when making a visual field of 
the same grade, it turns into smaller equipment. 

[0043] The diffusion board 16 approaches the reflector of a screen 13, and is arranged. The diffusion board 16 makes it 
spread and expands the flux of light from each point of the image of the liquid crystal displays 1 1L and 1 1R contained in 
light from the incident-light study systems 12L and 12R while it makes the light from the incident-light study systems 
1 2L and 1 2R penetrate. 

[0044] Some of screens 1 3 and diffusion boards 1 6 are expanded, and it is shown in drawing 5 . The diffusion board 1 6 
has the different direction diffusibility from which the degree of diffusion differs by the 2-way which intersects 
perpendicularly, and it is arranged so that it may be greatly spread in the direction of a level visual field rather than the 
direction of an observer's perpendicular visual field. When the flux of light showing each point of the image contained in 
light from the incident-light study systems 12L and 12R penetrates the diffusion board 16, it is perpendicularly spread in 
a diffusion angle alpha, and is horizontally spread in a diffusion angle beta (alpha<beta), and a cross section serves as an 
ellipse form and carries out incidence to a screen 1 3. 

[0045] With a screen 13, the flux of light by which the retroreflection was carried out penetrates the same part of the 
diffusion board 1 6, and diffuses it once again. For this reason, the vertical diffusion angle of the flux of light after 
penetrating the diffusion board 16 twice is set to 2alpha, and a horizontal diffusion angle is set to 2beta. In addition, since 
the diffusion board 1 6 is close to a screen 1 3, it is as above-mentioned that dotage does not arise in the image formed 
in a screen 1 3. 

[0046] The cross section in the position of the incident-light study systems 12L and 12R of the flux of light from the 
same point of the image of liquid crystal displays 1 1 L and 1 1R reflected on the screen 13 is shown in drawing 6 . 
Although the width of face DH with the horizontal width of face DV of the perpendicular direction of the flux of light is 
also larger than the path d of the exit pupil of the incident-light study systems 12L and 12R, the flux of light is expanded 
horizontal more greatly. 

[0047] By enlarging horizontal width of face DH of the flux of light, the image which does not have an eclipse in an edge 
on either side can be offered easily. Moreover, the image which does not have an eclipse in an up-and-down edge can be 
offered by making width of face DV of the perpendicular direction of the flux of light into the size corresponding to a 
perpendicular visual field. Since the flux of light is expanded also perpendicularly unlike a display unit 1, in a display unit 
2, the smaller small lightweight thing of the diameter d of an exit pupil can be used as incident-light study systems 1 2L 
and 12R. 

[0048] The composition of the display unit 3 of the 3rd operation form is shown in drawing 7 . Drawing 7 is the side 
elevation of a display unit 3. A display unit 3 is replaced with the diffraction optical element 14, and is equipped with 
another diffraction optical element 18 while it adds a one-way mirror 17 to a display unit 1 and changes the position of 
liquid crystal displays 1 1L and 11R and the incident-light study systems 12L and 12R. 

[0049] 45 degrees of one-way mirrors 17 are leaned to a screen between an observer's eyes EL and ER and a screen 
13, and they are arranged. The incident-light study systems 12L and 12R are arranged so that a mutual optical axis may 
be made parallel and an optical axis may cross at a one-way mirror 17 and the angle of 45 degrees. A one-way mirror 17 
functions as a combiner which reflects the light on which it was projected by the incident-light study systems 1 2L and 
12R, leads to a screen 13, is made to penetrate the light reflected by the screen 13, and is led to an observers eyes EL 
and ER. In addition, the position and sense of each component are changed, a one-way mirror 1 7 makes the light from 
the incident-light study systems 1 2L and 1 2R penetrate, leads to a screen 1 3, reflects the light from a screen 1 3, and 
you may make it lead to Eyes EL and ER. 

[0050] The incident-light study systems 12L and 12R are arranged about the one-way mirror 17 at an observers Eyes 
EL and ER and symmetric position, respectively. The optical axis of the incident-light study systems 12L and 12R has a 
passage and an exit pupil in an equivalent position optically with Eyes EL and ER in the center of Eyes EL and ER, 
respectively. 

[0051] A part of screen 13 and diffraction optical element 18 are expanded, and it is shown in drawing 8 . The diffraction 
optical element 1 8 is made to diffract and expands the flux of light from each point of the image of the liquid crystal 
displays 1 1L and 1 1R contained in light from the incident-light study systems 12L and 12K while it makes the light from 
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the incident-light study systems 12L and 12R penetrate. The diffraction optical element 18 joins the diffraction elements 
18a and 18b of two sheets, changes, approaches the reflector of a screen 13 and is arranged. Although the diffraction 
elements 18a and 18b are set up so that 1 -dimensional diffraction may be produced, respectively, horizontally, the 
former is arranged so that the latter may produce diffraction perpendicularly, and the diffraction as the diffraction 
optical-element 18 whole serves as two-dimensional. 

[0052] Setup of the diffraction conditions of diffraction element 18a and diffraction element 18b differs, and the flux of 
light is expanded greatly horizontally perpendicularly. Diffraction element 18a produces the three diffracted lights, -1 
order, zero-order, and the 1st [ +] order, and diffraction element 18b produces the two diffracted lights, -1 order and the 
1st [ +] order, and explains expansion of the flux of light taking the case of the case where both primary [ **] angle of 
diffraction is equal. 

[0053] Finally the horizontal diffraction by diffraction element 18a makes the flux of light from each point of the image of 
the liquid crystal displays 1 1L and 11R contained in light from the incident-light study systems 12L and 12R the five flux 
of lights, as the 1st operation form explained. Although diffraction of the perpendicular direction by diffraction element 
1 8b makes first the flux of light from each point of an image the two flux of lights and each flux of light is subsequently 
made into the two flux of lights, since travelling direction of two of [ their ] corresponds, finally they will consider as the 
three flux of lights. After all, the flux of light showing one point of an image is horizontally made three flux of lights [ a 
total of 1 5 ] by the diffraction optical element 1 8 at 5 and a perpendicular direction. 

[0054] The example of the cross section in the position of the eyes EL and ER of the observer of the flux of light from 
the same point of an image is shown in drawing 9 . Here, each flux of light of abbreviation is in a radius by carrying out, it 
is made to shift distance every, and the ****** flux of lights have lapped. Although the width of face DH with the 
horizontal width of face DV of the perpendicular direction of the flux of light is also larger than the path d of the exit 
pupil of the incident-light study systems 12L and 12R, the flux of light is expanded horizontal more greatly. 
[0055] Since the optical axis of the incident-light study systems 12L and 12R passes along the center of Eyes EL and 
ER, the horizontal whole width-of-face DH of the flux of light can be made to correspond to a level visual field possible 
using all the five horizontal flux of lights as a light which provides Eyes EL and ER with an image unlike the display unit 1 
of the 1st operation gestalt ] therefore. Consequently, in a display unit 3, it becomes possible to make light which cannot 
carry out incidence to an observers eyes EL and ER there be nothing, and there is not only no eclipse, but can provide 
the periphery of a longitudinal direction and the vertical direction with a brighter image. 

[0056] You may set up the diffraction conditions of the diffraction optical element 1 8 freely. For example, an illustrated 
setup which includes the thing of the same order of diffraction as the diffracted light of the diffraction elements 1 8a and 
18b, or makes those angle of diffractions equal is not indispensable. Moreover, when the intensity distribution of the flux 
of light which express the same point of an image by making [ many ] the number of the diffracted lights and making 
many ] overlap as mentioned above are made uniform, it can prevent changing the luminosity of an image with the sense 
of an eye, and is desirable. 

[0057] The composition of the display unit 4 of the 4th operation gestalt is shown in drawing 10 , drawing 1 1 , and 
drawing 12 . These drawings are the side elevations, the plans, and front view of a display unit 4, respectively. A display 
unit 4 is replaced with the diffraction optical element 1 8, and is equipped with the diffusion board 1 9 while it adds the 
eyepiece optical system 15L and 15R to a display unit 3. An observer will observe the expanded virtual image which is 
located far away rather than a screen 13 by having had the eyepiece optical system 15L and 15R. 
[0058] Some of screens 13 and diffusion boards 19 are expanded, and it is shown in drawing 13 . While the diffusion 
board 19 approaches a screen 13, is arranged and making the light from the incident-light study systems 12L and 12R 
penetrate, you make it spread and the flux of light from each point of the image of the liquid crystal displays 1 1 L and 
1 1 R contained in light from the incident-light study systems 12L and 12R is expanded. The diffusibility of the diffusion 
board 19 is isotropic and the flux of light is expanded at the same rate as a horizontal direction and a perpendicular 
direction. When the flux of light penetrates the diffusion board 19 twice, double-precision diffusion of the diffusion angle 
alpha of the diffusion board 1 9 is carried out. The cross section of the flux of light in the position of an observer's eyes 
EL and ER is shown in drawing 14 . The width of face D of the flux of light is the same about every direction. 
[0059] In the display unit 4, the width of face D and the diffusion angle alpha of the flux of light are defined so that a 
cross talk may also be prevented certainly simultaneously with an eclipse. A setup of the width of face D of the flux of 
light showing the same point of the image in a display unit 4 is explained referring to drawing 1 5 . For the straight line and 
P to which A connects the central-vision shaft of Eyes EL and ER, and B connects the winding center of a left eye EL, 
and the winding center of a right eye ER, in drawing 15 , the pupil of Eyes EL and ER and r are [ a level angle of visibility 
and W of the distance from a winding center to Pupil P and theta ] the intervals of the eyes EL and ER on either side, 
i.e., the distance between winding centers. 

[0060] The width of face about the direction of the straight line B of the position range which Pupil P can take within the 
limits of a level angle of visibility is length 2 and r~sin of the bowstring of the eyeball corresponding to a level angle of 
visibility (theta/2). If the width of face of the direction of straight-line B of the flux of light in the position of Eyes EL and 
ER is beyond the value of this formula, irrespective of the sense of Eyes EL and ER, Pupil P will be settled in the interior 
of the flux of light, and will not produce an eclipse. 

[0061] The interval of the direction of straight-line B from the winding center of one eye in case the pupil P of the eye 
of another side approaches one eye most within the limits of a level angle of visibility to the pupil P of the eye of another 
side is W-r-sin (theta/2). If one half of the width of face of the direction of straight-line B of the flux of light in the 
position of Eyes EL and ER is below the value of this formula, the pupil P of another side will not enter into the flux of 
light which should be given to one eye, and a cross talk will not be generated. 

[0062] Therefore, if the width of face D of the direction of straight-line B of the flux of light in the position of an 
observer's eyes EL and ER fills a formula 1, neither an eclipse nor a cross talk will be generated. The display unit 4 is set 
up so that this relation may be filled. 
2andr-sin(theta/2) <=D<=2- {W-r-sin (theta/2)} 
— Formula 1 (re-**) 

[0063] It will become a formula 2 if 9mm which is adult's standard value, 1 20 degrees, and 60mm are substituted for the 
distance r of a winding center and a pupil, the level angle of visibility theta, and the interval W of an eye on either side, 
respectively. 

16 mm<=D<=104mm — Formula 2 [0064] On the other hand, the width of face D of the flux of light is approximated to 
the double precision of the value which multiplied by the distance L from a screen 13 to Eyes EL and ER with the value 
which added the diameter d of an exit pupil of the incident-light study systems 12L and 12R, and is expressed by the 
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tangent of the diffusion angle alpha of the diffusion board 19 to it by the formula 3. 

D**d+2andL~tanalpha — Formula 3 [0065] If a concrete example of a setup of a display unit 4 is shown, in order that 
the distance L from 2mm and a screen 1 3 to Eyes EL and ER may be 1 50mm and the diameter d of an exit pupil of the 
incident-light study systems 12L and 12R may fill a formula 2 r let the diffusion angle alpha of the diffusion board 19 be 
the range of a formula 4. 

3 degrees <= alpha<=18 degrees — Formula 4 [0066] Prevention of a cross talk is secured by the relation of the sign of 
inequality on the right-hand side of a formula 4. However, the light which the luminosity of the picture to offer cannot fall 
and cannot carry out incidence to an observer's eyes EL and ER will increase as a diffusion angle alpha becomes large. 
Therefore, the use efficiency of light is raised using a diffusion angle alpha as about 3 degrees, and it is made to offer a 
brighter picture. 

[0067] In addition, although the dilation ratio of the flux of light is horizontally made perpendicularly and the same with 
this operation gestalt using the isotropic diffusion board 19, as the 1st or 3rd operation gestalt explained, you may be 
made to make a horizontal dilation ratio larger than a vertical dilation ratio. Moreover, it replaces with a polarizing plate 
1 9 and may be made to expand the flux of light by the diffraction optical element. 

[0068] If it is within the limits of a formula 1, it is not necessary to make width of face D regularity about the flux of light 
from all the points of an image, and the width of face D of the flux of light can also be changed for every part of an 
image. Although an eclipse tends to produce the periphery of an image rather than a center section, it is expanding more 
greatly than the flux of light showing each point of a center section the flux of light showing each point of a periphery, 
and the conditioning for not producing an eclipse becomes easy. 

[0069] When changing the dilation ratio of the flux of light between the parts of an image, you may make it a dilation ratio 
change continuously, and may make it change gradually. When expanding'the flux of light with a diffusion board, a dilation 
ratio can be continuously changed from a center by enlarging a diffusion angle alpha continuously toward the 
circumference, and a dilation ratio can be gradually changed by seting a diffusion angle alpha constant for every 
predetermined range. 

[0070] When expanding the flux of light by the diffraction optical element, the angle of diffraction of the diffracted light of 
the same degree is changed continuously, or the same result is obtained by making it change gradually. Moreover, a 
dilation ratio can also be gradually changed by changing the number of the diffracted lights to take out as zero-order and 
the primary [ **] diffraction are produced in the center section of the image and zero-order and the primary [ **] 
diffraction [ secondary / **] are produced in a periphery for example. 

[0071] making the dilation ratio of the flux of light at a periphery larger than the center section of the image — not only 
the display unit 4 but the 1- it is applicable also to the display units 1-3 of the 3rd operation gestalt Although the 
luminosity of an image will fall when a dilation ratio is enlarged, even if the luminosity of the periphery which is not a main 
candidate for observation falls somewhat, the influence of the quality on an image is slight. 

[0072] Although the diffraction optical element or the diffusion board was used as a means to expand the flux of light, 
with each above-mentioned operation gestalt, a prism array can also be used as a flux of light expansion means. The 
example of the prism array for expanding the flux of light is shown in drawing 1 6 . The prism array 21 shown in (a) of 
drawing 16 arranges much rectangular-prism 21a in parallel in the pitch of 50 micrometers of abbreviation, and is used 
for expanding the flux of light in the one direction. 

[0073] The prism array 22 shown in (b) of drawing 1 6 prepares the inclined plane which intersects perpendicularly 
mutually also in the direction perpendicular to the length direction, divides prism 21a into prism 21a of the prism array 
21 , and is taken as prism 22a at it. The prism array 22 is used for expanding the flux of light with a dilation ratio which is 
different in the 2-way which intersects perpendicularly. The prism arrays 21 and 22 turn a flat field to a screen 13, 
approach a screen 13 and arrange it. 

[0074] The image which there is not only parallax, but expresses the wide field of view, i.e., the latus range, with the 
display units 1-4 of each operation gestalt in order to raise presence is offered. Though the range which an image on 
either side expresses is not made the same but the range common to the image for left eyes and the image for right 
eyes is established in order to make large the range of the image given to the eye of right and left of an observer as 
much as possible, it is desirable to establish the range included only in the image for left eyes and the range included 
only in the image for right eyes. 

[0075] Such a setup of the range which an image expresses is typically shown in drawing 1 7 . In drawing 1 7 , (a) 
expresses the range VL of the image for left eyes, and the range VR of the image for right eyes, and (b) expresses all 
the ranges of the image which an observer recognizes in a brain through a visual sense.. The portion which attached the 
slash is a range common to the image range VL for left eyes, and the image range VR for right eyes. 
[0076] Since the light of the image for left eyes and the light of the image for right eyes lap, the luminosity of the range 
common among ali the ranges that an observer recognizes serves as double precision of the remaining range. 
Consequently, a big difference arises in a luminosity in the common range and the remaining range, and the boundary line 
C which is the edge of right and left of the common range will be clearly recognized by the observer, and will cause big 
sense of incongruity. 

[0077] In display units 1-4, liquid crystal displays 11L and 1 1 R are equipped with the means for avoiding this 
un-arranging. The plan of liquid-crystal-display 1 1 L which displays the light of the image for left eyes is shown in drawing 
1_8 . Back light light source 11a consists of metal halide lamp 11b and paraboloid reflector 11c, and 1 1 d of go bos which 
have opening 1 1e of the rectangle corresponding to display rectangle 1 1q of liquid crystal panel 1 1 p between back light 
light source 1 1 a and liquid crystal panel 1 1 p is arranged. 

[0078] The front view of 11 d of gobos is shown in drawing 19 . 1 1f of long and slender ND filters is prepared in the edge 
(edge by the side of liquid-crystal-display 1 1 R which displays the image for right eyes) of opening 1 1 e of 1 1 d of gobos 
perpendicularly it has about 1 /8 width of face of the horizontal size of opening 1 1 e. The permeability of 1 1f of ND filters 
is set up so that it may increase toward the direction of opening 1 1 e from the frame section of 1 1 d of gobos, and it is - 
1 00% in an opening side 0% at a **** side. Liquid-crystal-display 1 1 R which displays the image for right eyes is also the 
same composition, and equips the edge by the side of liquid-crystal-display 1 1 L of opening of a gobo with 1 1f of ND 
filters. 

[0079] Thus, it is lost that the boundary line C which the quantity of light of the edge of the common range of the image 
for left eyes and the image for right eyes could be reduced gradually, and showed it to (b) of drawing 1 7 by having 
equipped liquid crystal displays 1 1 L and 1 1 R with 1 1f of ND filters is recognized clearly. In addition, 1 1 d of gobos which 
prepared 1 1f of ND filters is not arranged between back light light source 1 1 a and liquid crystal panel 1 1 p, but you may 
make it arrange them to the opposite side of back light light source 11a about liquid crystal panel 1 1p. Moreover, while 
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replacing with 1 1f of ND filters and preparing a shading film, distance of liquid crystal panel 1 1 p and a shading film is 
enlarged, and you may make it attain indefinite-ization of a boundary line C in the arrangement using light turning also to 
the background of a shading film. 

[0080] It is effective to make a boundary line C indefinite by 1 "If of ND filters, when replacing with the penetrated type 
liquid crystal displays 1 1 L and 1 1 R and displaying an image by the reflected type liquid crystal display. The composition 
which displays an image by the reflected type liquid crystal display is shown in drawing 20 . 

[0081] reflection — type — a liquid crystal display — 11 — ' — a lamp — 11 — b — ' — a reflector — 11 — c — ' — 
changing — the light source — 11 — a — ' — reflection — type — a liquid crystal panel — 11 — p — ' — a gobo — 
11 — d — ' — a polarizing plate — 11 — g — and — polarization — separation (PBS) — a board — 11 — h — 
changing . Light source 11a' is arranged so that the optical axis may become parallel to liquid crystal panel 11p\ 1 1h of 
polarization division plates makes P polarization which carries out incidence penetrate, and they reflect S polarization, to 
liquid crystal panel 1 1 p\ are leaned 45 degrees and arranged. 1 1g of polarizing plates makes only the linearly polarized 
light which turns into S polarization to 1 1h of polarization division plates penetrate, and they are arranged between light 
source 11a' and 11h of polarization division plates. 

[0082] a gobo — 11 — d — ' — drawing 1 9 — having been shown — a gobo — 11 — d — being the same — a thing — 
it is — a liquid crystal panel — 11 — p — ' — a display rectangle — 11 — q — ' — corresponding — opening — 11 — 
e — ' — the — an end — preparing — having had — an ND filter — 11 — f — ' — having . 1 1 d [ of gobos ]' is arranged 
about 1 1 h of polarization division plates in parallel with 1 1 h of polarization division plates at the opposite side of liquid 
crystal panel 1 1 p'. 

[0083] Light which is not polarized from light source 11a' is made into the linearly polarized light, carries out incidence to 
1 1h of polarization division plates as S polarization, and is reflected towards liquid crystal panel 1 1 p' by 1 1g of polarizing 
plates. It becomes irregular according to the displayed image, and the light which carried out incidence becomes it with P 
polarization and light including both polarization of S polarization to 1 1h of polarization division plates while being 
reflected in liquid crystal panel 1 1 p'. Only reentry putting and P polarization penetrate this to 1 1 h of polarization division 
plates, and the light from liquid crystal panel 1 1p' becomes them with the light showing an image. In case the light 
showing the image which penetrated 1 1h of polarization division plates passes opening 1 1e[ of 1 1d / of gobos /' ]', by 1 1f 
[ of ND filters ]', it has the quantity of light of an edge reduced, and results in the incident-light study system outside 
drawing. 

[0084] It is also possible to display an image by such reflected type liquid-crystal-display 11' in display units 1-4. Any of 

the liquid crystal display of a penetrated type and a reflected type are used may choose freely. 

[0085] 

[Effect of the Invention] It is easy to set up the path of the flux of light which expresses each point of an image with the 
display unit of this invention equipped with an expansion means to expand so that dilation ratios may differ by the 2-way 
which intersects perpendicularly the flux of light from each point of a display means with the screen which has reflective 
ability, a display means, and an incident-light study system according to people's level angle of visibility and 
perpendicular angle of visibility, for this reason, the diameter of the flux of light — a perpendicular direction — excessive 
— a bird clapper — ** — both sides with a bird clapper can be prevented simultaneously too little horizontally, and it is 
possible to offer an image with the high quality which does not have an eclipse brightly And since it is not necessary to 
use the large, large-sized thing of an exit pupil as an incident-light study system, it becomes small lightweight equipment. 

[0086] If it has what expands the flux of light from each point of a display means in the one direction as an expansion 
means, the expansion means itself can be considered as simple composition. 

[0087] With composition equipped with what expands the flux of light from each point of a display means to the 2~way 
which intersects perpendicularly as an expansion means, it becomes possible to use an incident-light study system 
smaller than an exit pupil's, and equipment becomes lightweight still smaller. 

[0088] If the diffraction element to which diffraction separates into and the flux of light is expanded as an expansion 
means is used, since the grade of expansion of the flux of light can be set up freely, a setup of a dilation ratio is easy. 
Moreover, since the intensity distribution of the flux of light after expansion can also be set up freely, intensity of the 
flux of light after expansion is made into abbreviation homogeneity from a center section to a periphery, and it becomes 
possible to make the luminosity of the image to offer regularity irrespective of the sense of an eye. 
[0089] It has the screen which has reflective ability, one pair of display meanses, one pair of incident-light study 
systems, and an expansion means to expand the flux of light from each point of a display means, and in the display unit it 
was made to fill the relation of a formula 1, the image which has parallax in an eye on either side can be given, and a 
cubic effect can be raised. And it is possible to prevent certainly that an eclipse and a cross talk arise on an image, and 
an observer can be provided with high presence. 

[0090] With the composition that the expansion means expanded the flux of light from each point of the periphery of a 
display means with the bigger dilation ratio than the flux of light from each point of the center section of the display 
means, generating prevention of an eclipse becomes easy. 

[0091] With composition equipped with a combiner, an observers eye can be arranged to a position equivalent to an 
incident-light study system, or its very near, and a setup of the dilation ratio of an expansion means becomes easy. 
[0092] With composition equipped with eyepiece optical system, it becomes possible to expand the image on a screen 
further with eyepiece optical system, and the visual field of the image to offer can be further made large. Moreover, 
distance from an incident-light study system to a retroreflection side can be shortened, and equipment can be further 
made small. 
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* NOTICES * 

Japan Patent Offic is not responsible f r any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



^Brief Description of the Drawings] 

Drawing 1] The plan of the display unit of the 1 st operation gestalt. 



Drawing 2] The screen of the display unit of the 1 st operation gestalt, and the expansion plan of a diffraction optical 



Drawing 1 1 



Drawing 1 2 



Drawing 1 3 



Drawing 14 



element. 

[Drawing 3] The cross section in the position of the incident-light study system showing each point of the image in the 
display unit of the 1 st operation gestalt of the flux of light. 
[Drawing 4] The plan of the display unit of the 2nd operation gestalt. 

[Drawing 5] The expansion perspective diagram of the screen of the display unit of the 2nd operation gestalt, and a 
diffusion board. 

[Drawing 61 The cross section in the position of the incident-light study system showing each point of the image in the 

display unit of the 2nd operation gestalt of the flux of light. 

[Drawing 7] The side elevation of the display unit of the 3rd operation gestalt. 

[Drawing 8] The expansion perspective diagram of the screen of the display unit of the 3rd operation gestalt, and a 
diffraction optical element. 

[Drawing 9] The cross section in the position of the eye of the observer showing each point of the image in the display 
unit of the 3rd operation gestalt of the flux of light. 

Drawing 10] The side elevation of the display unit of the 4th operation form. 
The plan of the display unit of the 4th operation form. 
Front view of the display unit of the 4th operation form. 

The expansion plan of the screen of the display unit of the 4th operation form, and a diffusion board. 
The cross section in the position of the eye of the observer showing each point of the image in the display 
unit of the 4th operation gestalt of the flux of light. 
[Drawing 151 Drawing showing the setting principle showing each point of the image in the display unit of the 4th 
operation gestalt of the width of face of the flux of light. 

[Drawing 1 6] The perspective diagram of the prism array for which expansion of the flux of light is substituted with the 
display unit of each operation gestalt. 

[Drawing 1 7] Drawing showing typically the range of the image of the right and left displayed with the display unit of each 
operation gestalt, and the range recognized by the observer. 

[Drawing 18] The plan of the transparency type liquid crystal display of the display unit of each operation gestalt. 
[Drawing 1 9] Front view of the gobo with which the liquid crystal display of the display unit of each operation gestalt was 
equipped. 

[Drawing 20] The plan of the reflected type liquid crystal display for which the display unit of each operation gestalt is 
substituted. 

[Description of Notations] 
1 , 2, 3, 4 Display unit 

1 1 L, 1 1 R Liquid crystal display (display means) 
12L, 12R Incident-light study system 

13 Reflective Screen 

14 Diffraction Optical Element (Expansion Means) 
1 5L, 1 5R Eyepiece optical system 

16 Diffusion Board (Expansion Means) 

17 One-way Mirror (Combiner) 

18 Diffraction Optical Element (Expansion Means) 

19 Diffusion Board (Expansion Means) 
21 22 Prism array (expansion means) 
11p, 11p' Liquid crystal panel 

11a, 11 a' Light source 

11b, 11b' Lamp 

11c, 11c' Reflector 

11d, 11d' Gobo 

1 1 e, 1 1 e' Opening 

11f, 11f ND filter 

1 1 g Polarizing plate 

11h Polarization division plate 
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liHi<&*K i7t, gRKAitt£Wt&tewfcv*4stk&-:3fc 

IRU Alt L 4 v» i: v»a *ffl*«^ t , * WHftO — « 

K Xm-f & *> *> (t <b titf&Zi-t Z> o 
[0 0 0 9] jfcJ&<0«*!fci£*K.fc ») ftflM** 

M^Ct, MwMa^ h#±*ti±, 

<7)#Jlt± & £ftTv>£v> 0 
[0 0 10] *^l±-«i T 4:P»m*Ci*t5:$n 

[0 0 1 1 ] 

- > CJgjfii" 4 t , Kit*** t x 9 y - > 

i: roWi:^ 9 *) — y L T @£« $ ft, SM*^*^ 

tft£JUF#l£w#£>^ft:££. 2^[6]t- 
jtt*#*44J:ii:, 4: "Ctt*** 

[0 0 12] iO!MR«/T*Ili, R»***KJ: 0* 



[0013] t*¥S;f±, x? y-vKifiia^ftaWE* 
^M* e> » jfcK* * ft £ $tm^&.<o&£.fr * 

or, A* M - > \zfm S ft A^Jg^ffiAfM 

& o 

[0014] U - >*>f>coRM*ii, KA^ 

[0 0 15] ffi*#«oa:**«iK*-r*2^mT*s: 

^•r-l&o i^Hit3, Jfe^wiifJ^feAH J: 4*fi<=0 
fiT i: i£ A^S I- i * ^ ^ l t h ti co S.^ * fWJ B# H Jl tt 

[0 0 16] ffiA^Sii^*^^^^' 7 ?**^ 1 

|fij^i£Ai"4 i><?>-e$>oX<t> 

[0 0 17] !£A#a«±3t*S:lHl«fKJ: 0 LTffiA 
5f A iJ i V'EIW?^^ * i a KiliR-f i£t **BTffit?* 

lZ44o 

[0018] «riEi»«:a«-r*fc*c **0^t-i±s 

^$^fc^fSwi£A^^^*x^ U-vi:lSt4 1 
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2 • r • s i n {6/2) ^D^2 • 
Mill aS(0*4 2o^ 

& o fc**y->om k wt«»*¥# ^ & ^ 

* Sraas-fr & sttrv^o «gj#fi, 

[o o 2 o] j£**s«u x*y->fcifo* 

y->KJ£»LTE«S*iTv*£rt:#, its 

[o o 2 i ] 5£ nciov^r, Dtt«i£#?>#8ftK*ri**i 
. tf > Hanaro £ * A rt t? t*>;&iaj i*nt r *> , 

[0 0 2 2] COR«S/f8ttli, ^*oaa^Sffif 

3 ft* * * V - >OSfElttti: J: o TM^ft^Tt; 
[0 0 2 3] ±IS^#ift:«*^atci3v>T, 8E*:#* 
*v>**, d<7)i ^T^-^tN WfeixS:|»jhi-*^a60 



|W- r • s i n (6/2) I 1 

[0024] «aw****e><o*«:-x^ v 

^M^x ? y - >^^SS^%coBRCS4*£&cov^-f ti 

[0 0 2 5] y->^^^*^tig^^Bi^2i^ 

fgg^^ii^i^atu^o **y-y±o 
ftfll i o t $ fcjfcfci- & - 1 **PTffi £ 

[0 0 2 6] 

[»w^ms<o»a8] bit, 

1 coTSHtrab^o 1 ti. 1 *f<9i£ifl»* 

SUL, 11R> 1WM*^12L, 12R, 
**y->13, is J: VHlff***^ 1 4 «riitv> 
-2? o 

[ 0 0 2 7] ifcfiaUFtffl 1 U 1 1 RfiiSiia-C* 
4o « B B e «^tll 1 L, 1 1 R\*Z:tl<?fi®mM<7>'&fc 

[ 0 0 2 8] SW"*^ 1 2 L , 1 2 R ti, ffiSa^S 

1 3 ^fpJIttMLT, 1 3±JC*S«S-fr 

ho y 1 3 K^j£S*i*Bfc«f±, ffi H ^a^SSl 
1 L, 1 1 R^*^S^7teWRSrffi^:Lfc<)^)t?, J^v^ 
tEHtit>^^o 1 2 Lfi. -tco*HHBl3^«» 

fflli* c «**<03&BE R t Bl S *o«RE R Ofi^ 
fc4*fi[BHEK**LTV>J6 0 y -> 1 3 

[0 0 2 9] J5:#*** 12L> 12 R<3##li¥?f-e 
* 0 , ^ ^ y - > 1 3 \*®MJt^Jk 1 2 L , 1 2 R CO* 

»tcJtLraa:twE*stiTv^ 0 y-v 1 3 
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[0030] X* 'J-v 1 3tiWSKI*tt**LTi5 
««***12L, l 2 Rfci*i»tTRItS*L*£ 

[ 0 0 3 1 ] IHiJTjft**^ 1 4li*o/97^ '7^*^ 
SI^T?**). U -> 1 3 0RWMK2r»L-CK1BS 
ii0^ 0 0^***^1 4(4, Sit*** 1 2 L, 1 

^12L, 1 2 R**&0MfcK*i ti&iffiSS^S 1 
1L, 11 R<Dm&<D&&frh<VftJtL*$L*:°t2>o 
[0032] X ^ D - > 1 3 is «fc tflHf Tfe^^T- 1 4 <7) 
-SISSrffi^Lrig 2 H^-To * * l ) - > 1 3 14, IS 1 

o * miss fctt-e*LjsJLT^>r<«/h&^r^xvf-x 1 

dhUJ: 9f*»StLTV^o #^7^e-Xl 3 a (CA 

Kl 3 b-CRW-StL-So E»W1 3 b^R#S*ufc#tt 
SffitffSfflJIfL, ^7^lf-Xl3aOjtiaTOft 
/MKlttrt: *t t ffi TbI L T , Alt* k W 4 £ 

[0 0 3 3] EUfjftSfcJIFPl 4i4, l*7C<OBIW**i: 

mtjfo^fniii, s^biel, e RcoBira^rsji"*^*) 

[0 0 3 4] S*f*¥^12L, 1 2 Rj&*fcOjftK*f 
ix&iKa^gl 1L, 11 R<D^i&<D&*frh<D3t$i 
W\ EST***?- 1 4 S:3tifi-r*-fcK£ ^ 3*co^c 
*kftot^^'J->13i:AWt5o -tL^3^cojfc 
3U4*^U->1 3 "CWS RM^fLTEWTt^T- 1 4 
(OH— «5ffl[*2!iBU -ttL-P*L3*Ojt*t&*o ±1 
*<7>lI«rjfc«>EI4lTft « «4ffi»k«i&T?*Lv*fc«>, Hffi 
jt^^-l 4 £ 2 EiaillLfcjfcm^fiitff^lRl**— Sti" 
U^lUo ift«^)#jSC*SEi-*3Ktt5 

[0035] y-v i 3tRi^ti^iSii^si 
il.ii ROBfc«(ora— «c^fe<?5**^^ aft*** 

12U 1 2 ROffi«"COBfffiOffil«:BI3 K^To 

<7>*5fc<a«DVl4, SJt***l 2 L. 1 2 RCOttmtt 

Kov*T03ftSW*BDHl4. StffigfldJ:*) 
()«<4:om 0 HW^SIT-I 4i:J: 



[0 0 3 6] 8fcf£<o[W|-\ ^^rtb^(o%M(Oo * 
ft^— #«4S*bfc*S 1 2 L. 12 RcotttBiK^lfi]^ 

1 2 1 2 R^WttliS d SK« 

*t & tun m& £ itttf & - 1 § & o 

[0 0 3 7] HW 1 4 3i*X * U - > 1 3 Cffift 

f4&v> 0 

[0 0 3 8] BWjfc**^! 4C0HW^, i"4*>*>, 

[0 0 3 9] Wlx.ii\ O^C. ± 1 *<^3*OlHlf*^ 

■cSf4:iot, tf*^fe^«*c3 : 2 : l k^^>o i 
± l^coiasf^&k o^co0W7feco^j^it^2 : l k 

S:*i-5*^**O^JSJfc(±, ***?>^«^9 : 4 : 
4k£& 0 «*Ol25c"t?J±. SBE L > ERtC8Wft«r»« 

[0040] ^is. z^x-temMz^mtz-f&tz&iizm 
o^ipihirel, ER^r&]ttr^>, mzxM-t&wi—& 

[0 0 4 1 ] $2 ^**3BaROSft*«*ifc« 2 0««^r 
14i:*to H4J4»H»**»«2 0 s FffiB|-e*&o Ift 
fS*7F^S 2 14. «Mfc9E^«a 1 ^ 1 **^«K*^* 1 

£Tffit^«l 6fcixfct^*4o ffliO«®:g^(4W: 

[0 0 4 2] BSf^JIEL, ERi:A»t4^^ ] ^ 
>13HO*lt, «B6*^»15L. 15R^IE^^ a 
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ffitt-r^-ii^fg-C^O, was 

[0 0 4 3] 16li^^'J->13 ORStffi^a 

U 1 2Rri*&CD**2«S-£&£i fcfc, ffiftS^r 
t\ S#^12L, 1 2 R^^^iti^^ 
S^§?1 1L, 11 R^8Wft^#^36^0*S*l£*i- 

[0044] **U->13J3j: «tS 1 6 co-fi5£ 
ffi^L-CHStc^i-o ffitfc«l 6ii. 2 2fflrc 

&<t-5^BE«*ixrv^o fi*f#**l 2 L, 12R^ 
^0*^*4n&*«0*jS*:*i-*3Rtt, ffitfcKl 6 

KiOftA/? traits *it (a</?) . KW«[niti 
[0045] ^^'j->i3t:j:o rsfHt^ 

tt* 0 C<Dtz*b, ffitfeKl 6l:2@lIl/:toM 

St#fiJO«tfcA«±2 a. *¥:frftOi£fWtl±2 j3 
<h£& 0 WMMLl 6i*X? V-> 1 3 MILT 

[0046] X ^ U - > 1 3 T-RSf ^ tL3tJ£fta^S 1 
1L, 11 RORftOR—^feOjtmo, 
12L, 1 2 R^ffia^^BfM*ll6 frc^i- 0 jfe^S 
a*|fiI(??(BDV<>*sF^rrfiIOi|BDH4> ft#**ifil2 
U 1 2 RcO#tffittO#dJ: *9 i*#vva», *S£«±*¥ 

[0 0 4 7] **<07lc¥*InJ^>«DHS:*:S <1-&£fc 

S12t(i, SI«^12L, 12RtltltffllS 
do J: ij/hs whUBi^t^fcffiv^ £ k#t§ £ 0 
[0 0 4 8] ^3 ^Xtt^tSoeMKX^tta 3 cop^^r 
H7i:/fto H7liSft**^««3^«tSB|-C*4o ?ft 
««/^S 3 fi, 1 K^- "7 ^ 7 - 1 7 £ 

ilJDLT, «Lfi*^»l 1 L> 1 1 R*J:tf»»jfc*# 
12L, 1.2ROffi«*K£*fctt^ H!ffi*?f^ 
1 4fcftxTOTOHiff#¥* : f'l 8 SrfltAfc 

[0 0 4 91 ^7^7-17 iiH^#OiftE L , E R 



i:** U -> 1 3 WBi:, ^^'J-^Wtlt 4 5° jig 
JtTESStLTV^o «*tjfc#*l 2 L, 12R(±, 5 
v^a^¥fft:U, ^oflt^-7^7-1 7i 
4 5° Oftj£-C3S3S1-£ <t 3 i:El?iiTv^o ^-7 
^ 7 - 1 7 J±, &*f*3&» 1 2 U 1 2 R i o rM 

sttfcjtSrRWLT^^ <; -> i 3 y 

U ERi:i<3V^tkU«tlt&o 
JE5S*^ffitt*|nJ# ^it> ^-"7*7-1 7^\ & 

w*?*i2L, 1 2 R^t^jttaas^r^^ 

>1 3K*S, **y->l 3j*»e>tf>#*R*tLTffiE 
L, ERi:*< «t ^ i:LTt 

[0 0 5 0] Sttjfc*»12L, 12RU, ^-7^7 
-17KMLT, «!S#a>ffiEL. ERWS4fi»: 
**tWiffi«3ftTV>* 0 ©tt*^* l 2 L, 12RO 

Kf***i-F*i|ftEL, ER«¥fit:fiifi:ti:* 

[0051]^^U->13i3«fc CFEflf jt**^ 1 8 <r> 

*?Sl 2L, 1 2 R^fe<^>jt*aa$"^&i t i>ifZ, 
BllfS*r, S»***l 2L. 12R*5>0*i:*i 
tLl»ffi[^Sl 1 L, 1 1 R<0SMR^#^^fcOjfc* 
Sr4£*i-*o @«?ffl 811, 2fecoHW« : f-l 8 
a. 1 8 b^ML*CS^ X^U->1 3 0JK*fiBK 
2StrEl$fLtv^ 0 @5fl?18a, 18bf±^ 
tt-Tixi^^iaWi^C^^:* J: 9 ^Ix^^tiTV^ 

TOEIlff<±2*xfc4^o 
[0 0 5 2 ] @Sf*^ 1 8 a <h Hjt/P^ 1 8 b <Dm$r& 

^<ffi^$n^>o Wr»18a^-l^ 0^C.+1 
*0 3*^ia»fjtS:^i:^^ IllSfifl 8b^-l 
^C, -t- l^CD2^(7)llWjt*4.C^^^ M#(0±1^ 

[0 0 5 3] 05f^i 8 a tcj:&7lc¥^[fiI^EI«f«i. 
«SlO**»«|-Cl!lMLfci:o^ ft»j6?»12L, 
1 2R^^(7)i^ti^t 0 s B S/fSl 1 L, 11R<D 

BSf^T-l 8 b*cJ:&SiI^[pio|eI*f«i, 

ho mm. 8Mfto-ja**-j-**j±, mw^^^i s 

Hot *¥*|Sl^5 2(c. Sa^(^tC3*Oft 1 5^ 
[0 0 5 4] ©rftOfWI— ^^feOj6*0«*#^)ffiE 
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ipIDVfc7K¥^^*iDHt. Sit*** 1 2 U 12 

RcoittBH^osd «t n i>±z^&, *3fc«±7MF*iRjK.t 

[ 0 0 5 5] M*¥*12L, 1 2 R<a**llrt*BRE 
L, E R^4^£il&*:£u » 1 Ollii(7)ftffiSf 

t3tii, tllf^BSE U E RtcAlti-^^Tfbtt^^ 
^*£««fc1-*::ka*^ffifcfc*K &**lR]i3J:V± 

[0 0 5 6] IhHJt***^ 1 8^E«f^feWiia^SS:5g 
LTJ:^ 0 IHtXT-I 8 a, 1 8 bG9@]f/r*K 

hi o, mi l&xx/mi 2 1:^ to ^ti^^mii-e^ 

-Pit, *ftS^SS4 <7)fJIi> s PffiBi5J:0 ? IEWiat l 

15L, 1 5R*ajn+*fci:<)^, EIW***?- 1 .8 
^ftx.Ti£fS:^l 9Srfltx.fct^tf*&o »BR***1 

[0058] 7, ? U - v 1 3 £ J: tfffitME 1 9 <7>-SB£ 
i:2*LTElSfttfi 1 , jat*** 1 2 L, 12R 

#>fc<7>* a k fc <> t£ifc£it"C, Kit** 

2-r-sin (^/2) ^D^2 
[0 0 6 3] @ft^fclK?Lfc^K»r, *¥*!if^ 

1 6 mm^D^ 1 0 4 mm 
[0 0 6 4] **0«D<i, J£tt*l 9 0ffitS:A 

a^JESfrc. U -> 1 3 **<bBRE L. ERiT^SE 

D=d + 2 • L • t ana 
[0 0 6 5] 4 ^S5e^)**M4-M 

~Tk, Slt***l 2 L, 1 2 RO*tffiBESd«±2m 

3° ^ a < 1 8° 

[0 0 6 6] *4^*ttO>P»*OH«Ui: 0 * h 



3R12U 1 2 R^^co*C^-StL^^ H B B *^tll 1 
L, 1 1 RO(WftO*^36^0*KSrl£*:i-&o J£iM£ 
1 9O*fttttt»*tt"C*0, **ii7K¥*fS3kSit^r 

ibj ra t sp-eis:^: s *t * 0 **««:** 1 9£2iniiiM 

lh&-ktcj; 0, ffift«l 90tftfta02M«SH 
&o ISS^BIEU EROffi«-e<0**O»fM*iai 

& o 

[0 0 5 9 ] BW»*«*«4t?J±, tt£bttklB]fl#tc^n 
ftfta *5e»TV>& 0 «t*«^»«4 ^*3*t&8fc«<!Ora 

— £ Sr*i-*m^t|iID^^tcov^-C, [11 5*r#!HL 
&35*<bKW1"*o HI 5Kfcv*T\ AI4REL, ERc?) 
^Cri&Wu Bii&KE LcoHUte^^k^KEROEIffi* 
^£if£^»5U PtilREL, EROIKJL rJi[3;te4"'k 

EL. EROBB^&fc^lSItt^'^M^IElS-r-i&o 
[0 0 6 0] S?LP^7K¥t&if^^l5Hi*I-ek 
«|EH^fi»B<^ftKov>T<0WI±, 7MF«»ftK*t 
!Si-*|R3SjcOS^ftS 2 - r- sin (&/2) tt 
&o IEL, EROtefllt-i3tt-6**:^iejKB*lPl^« 
^CO^fiSJ2JL±tr*ttti\ IIEL, E ROIrJ* 
£> fcfllKLP j&^flCOrtffiKJRS & £ k Kfc *9 , tt tt 

[ 0 0 6 1 ] —^^K^^^BROttJLP 

•sin (0/2) -e*& 0 BIEL, ER<Z)fi:«Kj3*t 

^**:ofi:^B^[S]<7)iPi6o i/2* s c:os:<^«jaT"e* 

[0 0 6 2 ] Lfzti^X, «»tOEEL, ER^feM: 

tci3*t***^aj*B^|nio«DA*S:i fciHrtnttf, »t 

• |W- r-sin (0/2) I 

^9mm, 12 0° i3 <t V 6 0 mm i ttl^tlit X~f & 

k, 5S;2 k^^o 

-*2 

«Li*Cfct02fti:, S*t***l 2 L, 12RCO 

5 0mmt*l), *2«rJ«fc-r3tft^v ffil«E 1 9^)ffi 
M^aii^:4C0iE[ak ?iitv^ 0 

-*4 

*tOREL, ER^A*ti-4^rtltt«0 4:v**#Ji*-t- 
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[0 0 6 7 ] *«ttJB«-C?tt, *#tt4ffl:tMRl 

*5p*|fi]Ol£*:*S:Sil[*l«Oie*a(KJ: 9 < 
[0 0 6 8 ] 5£i <o«Hrtt?*ixtf, BMfto* 

[ 0 0 6 9] !^<D&&W^fty£<n&±mi&£2>1g, 

±§ < -f * £ t ^J£***«IWfcSft3** d 
[ 0 0 7 0] E«f**^^*a£oij:*:«:ff^ 

[0 0 7 1 ] jfe^OlE^cSlESrlftfllO^^WJ: »? &JS;i2S& 
■c**<t*iiii, WH»***it4K:Rfer, an- 
as 3 i - 3 taffl nrte-c* 

[0 0 7 2 ] ±|EO#*lfcJg«-Ctt, **S:ffi±^4^ 

SI 1 6 O ( a) \zmLt:"7V XAT W 2 1 B& 
50// mcot: »y^-e#^l:^y i J XA 2 1 a 

[0 0 7 3 ] Ell 6 (b) i:f Lt^JXAT W 2 
2f±, -/VXATV-f 2 l^y i jX^2 1 a fOg 

T\ 7 aj ; XA 2 1 a ^^fflLTX'J XA 2 2 a t 



T> x^'J->13i:5S8LtgE|t4o 

[0074] &%mwtm<nm%Mmmw. i-4m a 

IRK 4 x. * BMft cofeB Sr T § & *f tt J£ < "f * tz ft iz it > 

[0 0 7 5 ] 5MR* f ft-tfEHoc:<OJ: 9 m l 

7t:fMWt:^f 0 HI 7fc*5v*t\ (a) ti^Bfiffl^ 
Rft^jfflV L £fillfflcD§M^c9i&B V R S:*LTi3 
0, (b) J±«»*#^taCTB^B»i-*8MR<0 

flMGH V L t ^KfflOBtfiEfEH V R 

[0 0 7 6 ] tt»#3WB«-*"-6^IEHO^ t,*a«)«H 

[ 0 0 7 7] ftftl^gi 1 - 4tli, -O^f^^H] 

^-r^7t:^co^g:^^B H H ^tfi il, 11 RKfitx_r 
v^o *KfflO^ft^7fe^^-r^^ B B 0 ^^i 1 Leo 
^FMB £ El 1 8 /< y ^ 7 >f h 1 1 a > * 

7^K7>7 4 1 lbt MM 'i7^^M 1 c J: ^ 

is 19, ^7>r hitmi 1 a ^M^^in 1 pcom 

K, jR*^*;H 1 pcoS*f&Bl 1 qK#JS5i-**B£ 
CO Ban 1 1 e ^^1-^^7fe«l 1 d* f E«S*LTV^ 0 

[0078] mytfiii 1 dcoEMm^ia 1 9c^-r 0 & 
*si 1 d<oiapi 1 e CfcKffl 01^***1- 

^« B B a ^§?l 1 RffiJcOJSSB) frcfi\ Mai 1 ecOTjc^p 
^ND7^J^ 1 1 f m&lbtlX^^& 0 ND7-f )Vj? 

1 1 i^mmmt, m%M \ 1 d<^#SB^^ggni 1 e 

^^>^b b b *^1 lRiB»OifiEt*9, ^7t«0 
BBPO«ta*^Sl lLi^at:ND7^^i 1 f 

[0079] -co J: 9 ^> iftia^Sl 1 U 1 1 Rtc 
ND7^H 1 1 f SBtfflco^fttt 

&Clfc#-C#, HI 7C0 (b) ^^Lfc*ff»C*«W» 
^B»StL*Clfc**4< ^^>o 443, ND7^;^1 1 
f ^rI5:ttfcil7fe«l ldi, Ay^9>f hjfelllat 
fSf B /^^l l pOM*wgE«1-*^-Cli*<, »fi'** 
;H 1 pi:HU/<y^7>f h*^! 1 a OK^ftl^BE 
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1 1 p kattK<^BEtt«:*§ < LT, it**WtWr> 

[ 0 0 8 0 ] ND7^^1 1 f I)«IM*C*:>FW 
«K-r4ikti\ aagK&iKSS^Sl 1 U 11RK 

M^i2 0 K5r*- 0 
[ 0 0 8 1 ] EWSOSSSiS 11' ti\ 7>7'11 
b' i'i71/^llc' <fc ^jS^^fciffil 1 a' > R*t 

SUSft^*;n l p* > id' , i 

g, l5J:tffl*»(i (PBS) «1 lhJ: *9J&4 0 ftS 

4 J: ? i:get^ntv^ 0 <Ejfc#»M£l 1 h f±, AMi~ 
4P«jfe*«a3i*\ s«*«rJE*t+&fc^-e, flfcaV* 
*;n 1 p' Wit 4 5° «*t"CK«3*i-cv** 0 ffi 
**1 1 gf±«jfe#*Sl 1 hi:^US«*iftSl 
£38 4 <><Ot\ jft«l 1 a' tm±ft 
tt«l 1 hOBi:EI?iiTv^o 
[ 0 0 8 2 ] igjfcKl Id' (±, HI 9 K^Lfca** 
1 1 d^#^iOt\ jSfi^*Jl/l 1 p' ^ft^fSH 
lid' H^t^riPl le' t »KKtt<b 
il/:ND7^^1 1 f ^r^t^o 1 d' 

LtiaW^l 1 p f <7)jRttfflOKBB«$*LTi^4o 
[ 0 0 8 3 ] jfcSll 1 a* ^?>O«R«*<i0*t±, «** 
1 1 gfcJ:oTlMft«#k3*u S{I*k LXtSJtftM 
«1 1 hKAItU *ft/<*/H 1 p' KlRjtfTRItS 
*t4 Q iSft^^^^l 1 p' itZAHLfzytl*KMZti& t 

1 1 h WLTPfiljfei: S«*^P5«j6**tf*i:* 
4 Q jfcft'**;i'i i p' a^oftii, l i h 

jfck&4 0 «#0«Kl 1 h*aabfcl*«*«-*# 
t±, 1 d* 1 e' SrSai^lRKND 

7^^-l 1 f ^J:o-CSBffl5<0**S:fi*SiX"r^ 
0ttott*hfc¥*fc£4o 

[0 0 8 4] MS/Tgil-4t}i, c^)J:HE» 
lOMS^l 1' "C8fc«*:**-t&ik 6 oTter-* 
4 Q aaSfcRI*ffl^*A*^S<^T *i«rfflv*4* 
14, £fiKa*?LT «kv\, 
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